


hr order to discwr the design of any advanced life support: 

eyetcbla atWmtion mu8t ffrBt ba given to the requftersents for 

itsbutsee 

defined must be cronsiderd fncludfng tmntative extrapolations 

of s f s d s n  type and ]gro~;Llsr, boost capability, multiplicity of 

Xn any drmiga analymir many new factore not accurately 

crews and the rvailabirity of technology required to advance 

the etate-a&43ae-art. These factors are readfly evident when 

we take  into csnsideratfon the various persibla usee of space- 

l i f e  suppoxt syetesru'. 

of the portable type,for hour. ox days fn one-nurn extravehicular 

operations, i n  orbit, or on the lunar or planetary ~ u r f a c e s .  

Other short mission8 may be of the ferry or 'escape type d i c t a t i n s  

the need far vehicnlar l i f e  eii,o,oort systartls requiring not more 

than a day of ageration and which can he raasabla for long 

periods of time and can be e a s i l y  zs-ckzgeZ or s&ur&ished in 

operations reriiote. to tho ear th  or lawe E i x c d  z p . 3 ~ ~  installations, 

m n  m y  require a l i f e  support system 



X t  m y  be added hem khat already a need MY be arr i~ ing  for 

B difference in philoa-hy between vehioular l i fe  aurgport 

.ymtsmr for perrarmsnt ozbttal wraus exploratory type mies90na. 

I Xn the early phaaets of mannerd space exploration travel theta 
t 

h vehiche m y  ba for extended period., however, a projection 

into the futuxe4f propuleion m y  fndIcate, significantly re- 

duced flight time.. Stay t i m a  in vehicles m y  well result 

in mattera of rrronthe, weeks, hand poesFbly dayia, rather than 

k A  YlPdC" 

several munths to a year, or more, as prerrcsntly snvishned. 

a i s  implies th*some future venicular l i f e  support system 

may need be optimieed to ground based operations fn areas - 
remote to earth and design considerations for long auration 

vebFcular systems :nay have to incl i lde &th&s for use of lunar 

or plemtary  natural resources. T h i s  cons iderat ion &nay be 
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8pw, ( rU iU ,  c&bh&, OtO.).  

?X*88UZir t8 th i  b d U d e R  COntEO1 Of t0-l WOaRUrtr 

by s e m i  of rogulrting Ckvfcem, togother With rtotrga 

and supply of gases to make up loa- *ah MY ~ls- 

a u l t  Zrara leakage an&/ox dwm~proreion. 

Air circulation encompnsse~~ tho transport of air 

thMItzgh prscesming camqpnents by mean8 of blowma, 

ducts, and fitt-8; a d  control of the traneport by 

valrra, dampers)and diwca~tera. 

Air cmpsitfsn oontrol omsists of the control- 

ling the composition a9 a i r  byt 

a. mguiat ing  0 2  part ia l  preseute by a 

continuous or intermittent feed which 

replaces losses. 



f 

8. Wxmml Control 

Wxatrol of tmperaturesr and heat f lux in all 

cmrtpanenW sxc3ept the power source heat rejection 

is the function of the life support thermal 

control , 

- 6- 
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Beat rejectim 4.8 defhad to man the t o t a l  con- 

trolled heat flux from the aabin to it# surrowdbgpl. 

A t  equilibrium temperaturae, the tzotaL heat rejected 

equals the to ta l  heat: input to the cabin from all 

Beat transport functlon Ita the control led  transsport 



hair cutting and nafl alipphg: fodl wastest packag- 

ing aaraterialt voaritu8; disposable sanitary suppliesr 

spent filterat arbon and possible other residue 

froan L88 components OF frem scientific ercpactisaenlm, 

(Processing of wa8tw may include disinfecting, de- 

coaaposiq, inoinerrtfng, deseicating, or freesing 

18 weans of inhibiting bacterial growth.) 
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Ueverrl prr.cmt dry &ita employ an dron catalyst  and operate 

a t  tsoalperatutea from 800 1200*?. (Reference8 1 a t  
3 

&02SeF 3W aonvsraion has been obtained. The reaction has 

'phe major problem a~rociated w i t h  the i3osch Syntam ie carbon 

remuuiii. me sclvzme %hi& ha6 been satisfactorily tested 

mnsister of the crontinwus scraping or' ~ a r b u ~ i  Poooe f r z ~  t k r t  

satalyot (site of formation) a t i G  the trimaport of scrapinqs 

by normal reuycle gals flow to regenerable filters. ~t may 



!?ha reaction zequiraa catalyotr ruitibls *or low temperature 

The methane can, hcrssarver, ba recoveoed by the reaction2 

+ * --- 2&JP + ac 

In thi8 proceeo carbon i8 recowred and srslsentially the Borsch 

Solid electrolyte syeteras have been consfdlersd which are 

advantages in that 92 gemration may be controlled by the 

electrical inputs to an electrolysis cells 

cata lys t  consumption vary from 10 to 100, A t  pressnt, the 

system consume@ considerable power and is contiidered to be 

in the early stages of development, 
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Molten slecerolyta system are be- corufdered whfch hrrvar 

the advantage of being capable of contiauous eupply of %.. 

Znherent psobl~nrr of theme syetclsaa include gar transfer in 

molten electxolytem .LppI the rsrtgoval of carbon in reduced gravity., 

In aaditioa 82 br 90 may be fonaad A €  tb cell i s  contarainatsd 

w i t h  w 8 t M  v a p t  QZ iD the 

bmlraced. 

rtage,. 

aad pcrwsr aru mot accurataly 

%!Us rsystaa-ltis rumentially in the conceptuaL 

1. 'ph+ ml*n ebctrolytr and solid electrolyte are in 

ths owlp mtaqea a i  d8Vglopmnt. 

syetern with RPethalze decaaposition could be made 

availibla in a relatively 8 h a t  the, Of the Bosch 

and Sahtier (no mekhaae recovery) system the mech 

offeru the greatest potent ia l  on the basic of over- 

The Babatfer 

a11 8yStc#a Wfghf;. 

2. The Sabatier rry8tcraa w i t h  no methane recovery offero 

a lighter system thaa stored oxyge:: and requires 

the leest d.avnloKpmlzt af the p h y s i c a l - c h a i c a i  systems. 

3 .  The Bosch system ehaxee advantage for oxygen reciamation 

in aavancea i i F e  aupyuri oyotiiiir far 220 ~zri=dziyz or 

greater, The Sabatier can be provided as a back-up 

w i t h  l itt le weight penalty. A third alternate m o d e ,  
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in ea340 of male”uncbion, would be to s - 1 ~  dueag C02 

ovsrrhau81 iliAsriMj repair:.. 
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several wits axe presented %LO tcable ;4 . 
d 
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8, POOD, WPL'PER, AIIEL) WTS m- 
Xn abvaacd liPe suppert eysteme w a t e r  aamgamunt 

lau6t hCh& BNm8 foS: th0 C C P l l e C t b a ,  L)tOEl$#(br re- 

c lamt ien  analysis, and dispensing of  watr lc .  

nay be groc0rs.d ircm urine, cabin condensate, feces 

and t-t u 8 d  for personal hygiene. 

to proatso w a t e r  in the aexo gravity environment 

wNch ia free fCraea lisaolved impurities, harPful 

afcro-organislas and disagreeable organoleptic 

characteristics. 

kter 

The problear is 

U r i n e  centainrr about 4.7% total  oolido by weight. 

breakdown of thewe solids far as follwrsr 

A rough 

Urea 50% 

Inorganic sa l t s  (mostly Mac1 62 KC1) 28% 

Other organica 22% 

Several urine ptarificration techniques have the demonstrated 

capability to reclaim potable water  of a quality equal to 

that  based on present day standards far municipal water supplies. 

These techniques znc iuae o 

6. Eiectradiatysis &&sorj=tisn 

The recovery of potable water fram urine by this 

process involves three basic steps, namely the 

prec ipi tat ion of urea with a complexing agent, 

adsorption by activated charcoal for removal of 
- -  

- i t -  



reaovarlp mffioicmcy (because of water lost in 

a c t i v a t d  -bun) and relative caarplexity camparad 

to other sy~tems.  

prelseura vaporization of water from urine. Break- 

d m  of urea and oaer  organic@ 18 thu8 dnhtiinsed: 

nevertheleoa, ..the water remvelsed by oorid8nsing vapor 

is not 0% good quality and may contain dissolved 

amonia, lbnd volatila organics carried over in the 

d i s t i l l a t i o n .  In many ea3888 the d i s t i l l a t e  must 

be furtbr treated befQ-re the product ie connidered 

Expendable weights are l o w  but it ha8 the highest power require- 

ment of spstens considered. 
I 7 *J - - 



3.  y m X  - X e 6 r i  081 - AU- 
Vapor coapreosion (compreaoion distillation& i o  a 

distf l lat ion gtocees that aonmervBa thr latant heat 

of vaporitat;ion of the feed. 

from the eonaCrnoirrg vapor i s  accaaplieihed by coaaprss~ing 

the vapx 80 t h a t  i t  condenoeo a t  a higbsr proorsure 

antP Chw, higher temperature. The~ naxiaraa temperature 

of v a p  in th i s  pxoce88 is aboslt 100. P a d  the 

extent of bre&Wn of urea and other organics i a  

low. ConBenrrt%b fran this proccsss must be further 

treated to renbr it peeable. 

The beat transfer 

4. mrta m.t A i r  6 vapoxatioxr - 
0 Waste heat evaporation prcemes, in general, make 

use of metabolic beat a d  waate Mat to provide the 

latent  heat of vaporization, 

wick8 for urine water evaporation. Metering of urine 

to wicks at ratee suf f i c i ent  for maintaining wicks  

slaturatea wit-mut flooding the evaporator has 

Several un i t s  use 

pss;tsr\,ted sGn=-,.hac, Gf i;. psoblem in the past ,  

5. Waste Weat Vacutm.Dist , i l lat ion - Adsorption 
T h e  waste heat evaporation procerss is re lat ive ly  simple. 

I t  employs a rotat ing  evaporator and coIzdem8r. The 

condensate is usually treated w i t h  activated carbon 

and ion exchange r e s i n  for final purification. 

- 3 3 -  



Used wash water is a significantly 1e.e contamhated waste water 

than urine, a d  all the a t y ~ ~ m m  described far urina water reelma- 

t ion are appliuilPls to uaoh water recovery. lpha - ta l  mwmnt of 

$ I clemmixq a p n t  ths mluab1a roliok couceatratian up to 
I 

0.0% Fox S Ibs. of wash water. frmoluabb as l ids  1 (hair, ekin, 

grit, fats) lsPount to onotbr 1.8 g or eppxoximtely .om. Tha 

y J  
\ ,  

.i -. 
I \  

’ t o t a l  solido concentratfon for 5 Ibs. of w a s h  water ie thus 

.bout *L7%. 

’ ThQ Bi8solv.d .ub.t?uwW h warrh water are, of tours@, thorn 

substances erecroW thxough W skin in eweat. 

of the chamical canpoaitioa of sweat (excluding water) is as 

follawo, 

A rough bradrdom- 

Chlorides (mostly .Oaiunr) 4w 

Urea llosl 

sebum (fats 6 811s) 18% 

Lactic a c i d  w 
Various other substances (mostly organic) 2 3% 

Power and hardware weights will generally be higher for wash 

watsr reclamation since a greater quantity of water must be 

;irocessed. Expendible weights, on the other hand, wall be 

lower since the concentration of dissolved substances i n  wash 

water i s  much lower than it is  in urine (by a factor of 50 for 

5 lbs of waarh wetter  assuming tho use of 500 ppm of c leans ing  .gent .  
31 



One system not considered in the reclamation of urine water 

(because of its high weight) is the multi-filtration system 

consisting of a filter, activated charcoal bed and ion exchanye 

r e s i n  bed in series. The lower coolcentration of sol ids  in 

wash water does, however, make t h i s  rayetem applicable to 

reclamation of wash water. The humidity condensate is another 

source of water i n  the closed cabin. The contamination level 

of humidity condensate depends on many considerations which 

include 3 

1. T y p e  of system used for oxygen supply and C02 removal. 

2 .  Auxiliary equipment used for removal of trace 

contaminants i n  the cabin atmosphere (e.g., a c a t a l y t i c  

burner). 

3 .  M a t e x l a i s  ol’ construction used for the condensate 

coils . 
4,  Mature of paints, coatingg, insulat ion,  etc., 

used t r j  operate cab in  equipment, 

5. 3 a t u r e  or‘ l u b r i c a n t s ,  greases or G L ~ L  s u h t a n c t i s  

{:sea to a x z a t e  LaijLx: q u i ; ~ e i i ~ .  

6 .  ik i j ’ret f  ui \ - i j L ~ i ~ l t i l r i ~ - t i i i i i  GL C Z ; ; ~ ;  S L Y  2 ~ 2 ~  ~ t h c ~  

~ ~ I ~ I s ~ ~ L c ~ s ,  e .g.,  feces ca llection sild s to rage  

silt,), sit!n. 



A arurvey of literature pertaining to m b m x h m  and #pa- mimulator 

water * w i l l  be patable except for the possible greeenca of 

pathogenic raiczo-orgagt~ and a elight odor." X t  wao concluded 

would be as fdlW8ir 

Total putioulste  llratter 25 PpBe 

Total d i l u o l v d  rolids 45 pps (approx. 
1/2 organic 
and V 2  in- 
organic) 

Recovery of potable water from humidity condenaate has been 

demonotzatrad by multi-filtration u c b g  activated carbon and 

a bacteria f i l t e r .  Proper cleansing of the filters and 

activated carbon before use i s  of great importance in order 

to achieve satiserctory operation. 

Also,  the ultraviolet light has Men denonstrated as an 

exeeLLent means of k i l l i n g  both bacteria and virus in water 

based on the assumption of a 4 man crew and an assumed power 

pmalty of 290 #/Kw. 
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dump the COa to apace ca6e of fafiiuce of both the ;CBorch 

and lab8tier ry8taM. 

The urhe is proceased and wed for wa8h water w h i c h  is 

then p r o c e ~ r d  and used fsr potable drinking w a t e r .  An 

isalternata or ermrgienay modla i o  to use the ccsnUmmte water 

from tha eubh a i r  heat exchanger PO potable water a f t e r  

filtering. 

?or qetuarr to be avafLable in the next ten or fifteen 

yeam it ha8 been conjectured that increasdof distance 

and incraatae in duration of t r a n s i t  t i m e  w e r e  synomus. 

If t h i s  a s s ~ ~ p t i s r !  is n o t  borne o u t  due to sdvances in 

p p u l s i o n  syetams. then there w i i l  be an increased 

e i iphas i s  on l ong  d u r j t i o n  systerris for  operation on plane- 

tary kod ics .  B i o l o g i c a l  space vehicles due to space 
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The rolution of the problem of feeding in space for long 

duratisn w U 1  no* only benefit IBBI~ in space4 but in a l l  

probability the technology developed w i l l  be ~.cpltm greater 
nl/ 
n 

use to h i m  on earth. 
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